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The principal objective of this research is to develop a location-allocation model for vacant lots
in the City of Detroit, MI, to analyze for the suitability of retention basin placement. The model
will place the retention basins in areas that will effectively reduce the amount of stormwater
runoff that reaches the surrounding storm drains. Detroit needs stormwater mitigation to relieve
the burden that is currently on the outdated combined sewer system (CSS). The Detroit Future
City strategic framework suggests the use of blue infrastructure controls to alleviate the sewer
system and reduce the number of combined sewer overflows (CSOs). The location-allocation
model selects where a component of blue infrastructure, or more specifically retention basins,
will be most effective removing stormwater on the surplus of vacant properties throughout the
city.
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CHAPTER I
INTRODUCTION
As of 2013, Detroit had 105,000 vacant parcels totaling 31 percent of the 343,000 parcels
located within the city and equating to approximately twenty square miles of habitable land
(Detroit Future City, 2012). This incredible supply of land is both a blessing and a curse. On one
hand, the lots reflect a landscape where something went horribly wrong. On the other, so much
urban land promises great opportunity; a genuinely unique opportunity that could allow the city
to create innovative landscapes that would be impossible in any other major American city.
To begin to plan the future of Detroit and the problems related to this vacant land, a
strategic framework titled Detroit Future City was created to serve as a structure for the next
fifty years. To help revitalize the city, the idea of blue infrastructure is presented in Detroit
Future City to help develop the vacant land as well as additional lots and parcels running along
roadways (Lewis, 2013). This idea could be instrumental in removing stormwater runoff to
decrease the burden placed on Detroit’s overly taxed water system. The framework’s goal is to
randomly select vacant parcels to implement blue and green infrastructure to achieve 99% of
stormwater runoff storage across the city by 2060 (Desimini, 2013).
Blue infrastructure is when landscapes play a role in stormwater management by
retaining and filtering runoff that would otherwise flow directly into the sewer system or natural
bodies of water (Lewis, 2013). Blue infrastructure can be used in conjunction with gray
infrastructure, or conventional pipe drainage and water treatment systems. Detroit Future City
identifies the land as being the city’s greatest asset as well as its greatest liability (Detroit Future
City, 2012). If the land is correctly utilized, Detroit could become a leader in the usage of
innovative blue infrastructure practices (Detroit Future City, 2012).
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Landscapes can play a role in stormwater management by retaining and filtering storm
runoff that would otherwise flow directly into sewers and natural bodies of water. Detroit like
many older cities that constructed their sewer system before the 1950's features a combined
sewer system that receives stormwater, wastewater, and industrial wastewater. Because of storm
water management, the burden placed on the existing sewer and water treatment system are
relieved. Detroit Future City advises the use of several different types of blue infrastructure or
low impact development controls to alleviate the problems. Examples include small retention
ponds, bioswales, large low-lying lakes, infiltration parks, porous roads, and storm water
boulevards (Detroit Future City, 2012).
In the Detroit Future City strategic framework, the city is broken down into different
sections based on population densities and the potential for redevelopment. Each section of the
city details the appropriate land use and types of development for the area. Because of weak
market conditions and high vacancy rates, certain areas are not suited for traditional types of
redevelopment like residential, commercial, or industrial. Higher vacancy areas have the most
potential to be converted to large scale blue infrastructure landscapes, while lower vacancy areas
are best suited to small scales of blue infrastructures such as rain gardens or small retention
ponds.
Detroit Future City estimates that as much as twenty-nine percent of Detroit's land could
be converted into blue and green infrastructure over the next fifty years (Detroit Future City,
2012). Built up, densely populated, areas which produce the most stormwater runoff, have the
fewest number of opportunities for blue infrastructure because of their lack of open space.
Detroit’s need for blue infrastructure comes from the fact that Detroit has roughly 3,500 miles of
sewer lines that are in need of costly maintenance or replacement (Lewis, 2013). The sewer
2

system serves three simultaneous functions to collect rainwater runoff, sewage, and industrial
wastewater. Problems arise when there is an excessive amount of water associated with any one
of the three functions or any combination between the three. The result is a combined sewer
overflow, which costs the city millions of dollars to maintain compliance with the Clean Water
Act, not to mention the millions of dollars lost in destroyed and damaged property (Lewis, 2013).
There are financial, environmental, and social benefits of blue infrastructure. A blue
infrastructure system can save the city millions of dollars in systems upkeep and vacant property
maintenance costs and contribute to the environmental health of the city, region, and Great Lakes
Water Basin (Lewis, 2013).
The decaying storm sewer system of Detroit has become increasingly detrimental to the
health and economic viability of the city (Cairns & Palmer, 1995). Approximately sixty to
seventy percent of the existing sewer system was built before 1970 and has reached or outlived
its productive life (Lawrence, 2014). In 2001, the South East Michigan Council of Governments
(SEMCOG) estimated that between $14 billion and $26 billion to fix and maintain the system by
the year 2030 (Lawrence, 2014). Negative health effects from combined sewage overflow
events, such as E. coli contamination of drinking water from raw sewage and the enterovirus, can
potentially have deadly impacts on the population (Lawrence, 2014).
Sustainable blue water infrastructures can be implemented on the surplus of vacant land
in Detroit to alleviate the burden placed on the old drainage system. The massive surplus of
vacant land allows for the implementation of blue infrastructure practices on a scale never seen
before in a major city. To better understand how to relieve this burden, we will need to look at
where blue infrastructure will best benefit the environment, as well as residents and economy of
the city. In this study, a location-allocation model is developed and used on high vacancy
3

neighborhood lots in the City of Detroit to analyze for the suitability of retention basin
placement. The model will place the retention basins in areas that will effectively reduce the
amount of stormwater runoff that reaches the surrounding storm drains, which will save the city
millions of dollars over time.
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CHAPTER II
BACKGROUND
The city of Detroit consists of approximately 139 square miles (88,960 acres). The 2010
Census stated the population as 713,777 people (King, 2010). The city is located on the
southeastern edge of Michigan along the Detroit River, which connects the Great Lakes to the St.
Lawrence Seaway (King, 2010).
Detroit was once the fourth-largest city in the United States regarding population (King,
2010). With the creation of the assembly line in 1909, the auto industry exploded in scale. The
city's boundaries expanded to accommodate the 285,000 people that moved to the city between
1900 and 1930 (Kunstler, 1993). With the start of World War II, people continued to move to the
city in search of the factory jobs that earned Detroit the name, the nation’s armory. During the
1940’s, Detroit had the highest percentage of homeownership in the country (Gallagher, 2010).
A culmination of several factors starting around the 1950’s has lead to the large number of
vacant lots in existence today.
The Federal government subsidized suburban home growth with loans to veterans in the
1950’s and also developed infrastructure, such as the interstate highway system, that allowed
people to travel easily in and out of Detroit (Gallagher 2010). These systems allowed residents in
the metro Detroit area to work in the city and to live in the suburbs. Since that time, the city has
been shrinking. The decline of the economy and the population of the city started in the 1950’s.
Racial tensions caused a massive flux of whites to the suburbs. From 1964 to 1966 more than
66,000 whites left the city in that three-year period (Gallagher, 2010).
Also during this period, a large number of manufacturers began to exit the city. Many
companies moved to the suburbs of Detroit or to foreign countries where they found cheaper
5

taxes, lower labor cost, and lower production costs (King, 2010). The 1970’s marked the major
downturn of the automobile industry. Many skilled workers were forced to seek jobs elsewhere
due to the lack of supply in positions unrelated to the auto industry. Also, during the 1970’s, the
Federal Housing and Urban Development agency demolished large sections of the city in a failed
urban renewal effort that resulted in thousands of vacant and abandoned properties. These
properties were then left in the care of the city government just as declining tax revenues limited
the redevelopment of these properties (Goodspeed, 2004).
Outward migration from the city left many residential and commercial properties
abandoned, creating a rise in barren landscapes that once served important social and business
activities. Some of these landscapes include former homes, schools, playgrounds, and various
industrial activities (King, 2010). Some of these vacant lots are maintained, but others show no
sign of maintenance while unmanaged vegetation overruns the parcels. Trash and other debris
are also present on these sites. Trash on the sites can range anywhere from a few small pieces of
garbage to abandoned cars, or even entire blocks piled high with discarded tires (King, 2010).
Across the city there are several neighborhoods that have high vacant land percentages.
The Jeffries neighborhood near central Detroit has a vacancy rate of approximately 2219 to 2662
vacant lots per square mile. The three hardest hit neighborhoods in the city are Chene, Airport,
and Mack where the vacancy rate reaches 3,107 to 3,549 vacant lots per square mile. Also, the
Brightmoor and State Fair-Nolan neighborhoods have approximately 1,775 to 2,218 vacant lots
per square mile. Approximately one-half of the city has at least a vacancy rate of 444 vacant lots
per square mile or greater (Figure 1) (Detroit Parcel Survey, 2009).
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Figure 1. City of Detroit Vacant Lots
Low lying Detroit has a lengthy history of flooding, but the record-breaking event that
occurred in the summer of 2014 is worth noting because of the extensive devastation resulting
from a combination of high rainfall and deteriorating infrastructure. On August 11, 2014, Detroit
experienced its second largest historic rainfall total in a single day. The city received 4.57 inches
of rainfall and fell just short of the record of 4.74 inches, previously on July 31, 1925 (Lacy,
2014). This event caused major problems for many residents of Detroit. Five major freeways
were forced to close, and nearly every road in the city became inundated with water (Witgen,
2014). Three people died, and thousands of motorists became stranded on the water-covered
roadways during the nighttime work commute (Witgen, 2014).
The storm caused more than ten billion gallons of sewer overflow into Michigan’s
waterways. Of this volume, forty-four million gallons consisted of raw sewage from sanitary
sewers and approximately three billion gallons from combined sewer and storm systems. This
7

water was all untreated and could have disastrous effects on the Great Lakes water system.
Although an extreme example showing Detroit’s need for a new sewer system, similar problems
arise when the city has a significant precipitation event (Lawrence, 2014).
The City of Detroit in 2013 was able to negotiate with the Environmental Protection
Agency (EPA) and other agencies to allow for the construction of green infrastructure instead of
constructing a massive tunnel storage system. The current focus is on the Upper Rouge River
area. The emphasis has been on removing impervious surfaces, bioswales or large vegetated
ditches, wetlands, rain gardens, and other similar methods.
Some of the current projects underway consist of tree plantings, demolition and greening
of vacant lots, integrating green infrastructure in new roadway construction projects, downspout
disconnections, and adding green infrastructure to municipal facilities. The Detroit Water and
Sewer Department (DWSD) along with the group The Greening of Detroit have planted over
4,000 trees in the Upper Rouge area since 2010. In 2015 there were 4 retention gardens installed
on vacant lots in the Cody Rouge neighborhood. The DWSD started a program in 2011 to teach
homeowners how to disconnect their downspouts so rainwater isn’t directly diverted into the
storm sewer. The Department has also been working with neighborhood groups to implement
green infrastructure on new road construction and also on existing municipal facilities (City of
Detroit, 2016).
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CHAPTER III
LITERATURE REVIEW
Urban stormwater management is an attempt to mitigate the land use modifications
associated with urbanization which includes the removal of vegetation and replacement of
pervious surfaces with impervious; these alter the characteristics of surface runoff by increasing
runoff volumes and peak flows (Goonetilleke et al., 2005). Human activity in urban areas
generates wastes and pollutants on catchment surfaces that can flow to water bodies during
storms (Barbosa et al., 2012). Drainage systems are constructed to remove stormwater and
industrial wastewaters properly to ensure public health. Using gray infrastructure, or a pipe
system, is the traditional approach for drainage. Alternative methods for handling source control
have become the trend in recent decades instead of using previous methods to control discharge.
Depending on the country where the methods were developed or are practiced there are a
variety of names that these practices assume. Some of these names include: Best Management
Practices (BMPs) (USEPA, 2004), Low Impact Development (Elliot & Trowsdale, 2007),
Blue/Green Infrastructure (Voskamp & Van de Ven, 2014), Sustainable Urban Drainage Systems
in United Kingdom (Semadeni – Davies, 2012), Innovative Stormwater Management in Canada
(Marsalek & Schreier, 2009), and Techniques Alternatives in France. This study adopts the term
Blue Infrastructure to be applied to vacant lots in the City of Detroit, MI.
Vacant Urban Land in Large American Cities
To understand the complexity of vacant urban land in the United States, a definition of
vacant land is needed. There is not a widely accepted definition of vacant land but Pagano &
Bowman (2000) state that it is usually referred to as many different types of unutilized or
underutilized parcels – this is areas of perimeter agricultural or uncultivated land, recently razed
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land, derelict land, land with abandoned buildings and structures, brownfields, and greenfields.
Accordino & Johnson (2000) define vacant land as a building or lot that has been vacant for
more than two years. Ray Northam (1971) offers a comprehensive typology for classifying
vacant urban land. The first type is remnant parcels that are left over from development on
adjacent parcels and are irregularly shaped and prevents redevelopment. The second category is
land that remains vacant due to physical limitations such as a steep slope that prohibit
development. The third type is land that is owned and is reserved for future development by
businesses or corporations. The fourth type is land belonging to businesses or single entities that
are being held and sold for profit at a future date. The fifth type is land owned by public or semipublic groups that intend to develop the land when future funding opportunities become
available to them.
Pagano & Bowman conducted a study for the Brookings Institution Center on Urban and
Metropolitan Policy to develop an estimate of the amount of usable vacant land and the number
of vacant structures in seventy cities throughout the United States in 1998. Surveys were
distributed to cities with populations greater than 100,000. On average, the study found that
fifteen percent of a city's land was deemed vacant (Pagano & Bowman, 2000).
Generally, in most cities, parcels of vacant land tend to be small in size. Vacant land also
tends to occur in odd shaped parcels and through the eyes of city officials, the land is located in
an unsuitable for development (Pagano & Bowman 2004). These three issues can largely limit
the redevelopment that occurs on vacant parcels. Small, odd shaped parcels are one of the
hardest redevelopment issues that face many Midwestern cities in the United States (Pagano &
Bowman 2004). Contrary to what one might believe, undersupply of vacant land was a major
worry for a majority of cities rather than oversupply. Presently, Detroit does not have this
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problem; there is an oversupply of vacant land. This oversupply reflects a long cycle of
population decline due to out-migration and economic decline, which then leaves cities with the
problem of how to transform vacant land into a valued commodity (Pagano & Bowman 2004).
Urban Vacant Land in Detroit, MI
The leadership of Detroit, Michigan has a unique opportunity to create innovative land
uses given this abundance of vacant properties. Approximately twenty square miles of
potentially usable vacant land offers the prospect that Detroit could be a leader in the creation of
a new urban form in America (Detroit Future City, 2012). Detroit Future City is a long-term (50plus year) planning document financially backed by the Detroit Works Project, a public-private
partnership, and created by a team of consultants, Detroit Future City staff, and a steering
committee. The report suggests transformative ideas to reduce the burdens on the city by 2065.
The plan calls for various land uses that rely heavily on blue and green infrastructure to lessen
the pressure on the existing wastewater management infrastructure as well by creating innovative
landscapes where vacant land exists. Although many cities are beginning to adopt sustainable
urban programs via such planning documents, the "City of Saginaw, Michigan" and the "City of
Philadelphia, Pennsylvania" are most similar to the Detroit Future City plan. The City of
Saginaw’s Master Plan and the City of Philadelphia’s Greenworks were the frameworks for the
creation of Detroit Future City (Detroit Future City, 2012).
Detroit Future City has gained some critics based on the outcomes of the ambitious plan.
Kirkpatrick (2015) criticizes the framework for the implications that arise from shrinking the city
to provide better services and infrastructure for the residents. The framework utilizes urban triage
and planned shrinkage. Effectively, removing infrastructure and services from the high vacancy
"doughnut" area surrounding the cities core. Approximately 88,300 residents are in this zone.
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This practice assumes that all residents will pack up and leave, but it is possible that remnants of
a community will remain rooted there (Kirkpatrick, 2015). Clement and Kanai (2015) describe
Detroit Future City as a form of pervasive neoliberal urbanism governance. The corporate
alignment of the Detroit Works Project could potentially perpetuate racialized spatial injustices,
poor government, and ineffective economic development tactics. Through data analysis, it is
determined that the areas designated for innovative landscapes in the framework are also home to
highly disadvantaged residents (Clement & Kenai, 2015).
Safransky (2014) explores how and why Detroit is reverting its land back to its "green"
origins. Her work draws upon the ideas of settler colonialism to explain current events. She
shows how land and territory were foundational to settler colonies where the settlers displace the
current residents and establish their governments and how a similar process is happening today.
In present times there is a racial geography, analogous to that of the Native Americans of the
past. Most cities today in the post-industrial urban greening act as clearing mechanisms to create
a new frontier (Safransky, 2014). Current literature on Detroit’s vacant land problem focuses
primarily on the conversion of vacant land to agricultural and forestry use. (Draus, Roddy, &
McDuffie, 2013; Mogk, Kwiatkowski, & Weindorf, 2010; Eisinger 2013).
Blue-Green Infrastructure
Flooding, heat, and drought are increasing due to climate change. It is important for
urban areas to adapt and become better prepared in case of extreme weather events. Now more
than ever it is essential to implement blue and green infrastructure to contain water surplus in
times of heavy precipitation and storage of water in periods of extreme heat (Voskamp & Van de
Ven, 2015). Blue and green infrastructure are most effective when there is a combination or
network of linked controls. Therefore, blue infrastructure and green infrastructure exist in
12

unison. Green infrastructure is a network of urban green spaces (Gomez-Baggethun & Barton,
2013). The definition of green infrastructure fails to include the urban water system (Voskamp &
Van de Ven, 2015). Green infrastructure depends on the availability of water in the times of
drought and extreme heat (Voskamp & Van de Ven, 2015). Safransky (2014) defines green
infrastructure as a multipurpose strategy that promises to produce healthy ecosystems while
mitigating urban problems such as crime and real estate markets.
Some common types of blue infrastructure that are widely used include:
retention/detention ponds, bioswales, large low-lying lakes, infiltration parks, porous roads, or
stormwater boulevards. Each of these Best Management Practices (BMP’s) have varying
amounts of effectiveness and can vary depending on factors related to their installation. The
topography of an area and soil type will influence the amount of water storage and runoff for a
given area. The varying land use surrounding where the infrastructure is installed will also affect
its effectiveness.
Retention/detention ponds are either dry or wet depending on the depth of the water table
and are commonly used for stormwater runoff storage. Bioswales are similar to detention pond
because they are primarily dry and filled with large amounts of vegetation. Large low-lying lakes
are exactly what the name implies, large lakes that are situated in areas of low topography to
absorb stormwater runoff that drains into it. Infiltration parks offer all the amenities of a public
space while incorporating structures that store and filter stormwater runoff. Porous concrete is
used instead of traditional concrete as a pervious alternative that allows for water to seep through
into the ground instead of running off into the storm drains. Stormwater boulevards are
essentially a bioswale that is linear and are often found along or situated in the middle of
roadways.
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Detention basins generally have low volume storage, but a highly effective at removing
peak runoff rates. To determine the amount of volume a detention basin can store the following
series of equations can be used: Vr = QA, Vs = Vr (Vs / Vr), and qo = qi (qo / qi). Where
(L=Length units, T=time units): A = watershed area [L2], Q = Runoff Depth [L], q i = Inflow, or
post-development peak discharge upstream of detention ponds [L3/T], q o = Outflow, or postdevelopment peak discharge downstream of detention ponds; often the pre-development peak
discharge is used as this value [L3/T], Vr = Runoff Volume [L3], and Vs = Detention Storage
Volume [L3] (Abdalla & Hotchkiss, 2002).
Bioswales provide low to medium volume storage and low to medium peak runoff rate
removal. Volume storage can be calculated by the following equation: Storage Volume = 0.5 x
(Length of Swale Impoundment Area per Check Dam) x (Depth of Check Dam) x [(Top Width
of Check Dam) + (Bottom Width of Check Dam)] / 2 (SEMCOG, 2008).
Porous concrete has high volume storage with a medium to high peak runoff rate
removal. Storage volume can be determined by the following equation: Storage volume =
Depth* (FT) x Area (SF) x Void space (i.e., 0.40 for aggregate). Depth is the depth of the water
stored during a storm event, depending on the drainage area, conveyance to the bed, and outlet
control (SEMCOG, 2008).
Urban blue spaces can provide valuable ecosystem services, and the best example of this
is what has come to be called sustainable urban drainage systems (Semadeni-Davies, 2012;
Villareal et al., 2004). Blue and green infrastructures are tools that provide a variety of
ecosystem services. The benefits they provide are storage and harvesting measures, facilitating
water retention in soil storage or rainfall interception, attenuation measures, slowing down the
runoff during a rainfall event after the storage capacity of the measure has been exceeded,
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infiltration measures, groundwater recharge, cooling measures, and an increase in
evapotranspiration (Voskamp & Van de Ven, 2015). Blue and green infrastructure can take the
form of storm water boulevards, swales, retention ponds, and Retention basins (USEPA, 2014).
To properly implement blue infrastructure it is necessary to determine the appropriate
location of their project to help guide urban planners and local stakeholders (Voskamp & Van de
Ven, 2015). There are some tools that can assist in planning for blue and or green infrastructure
placement including the United States Environmental Agency’s System for Urban Stormwater
Treatment and Analysis Integration (SUSTAIN) (Lai et al., 2007), the CRC for Catchment
Hydrology’s Model for Urban Stormwater Improvement Conceptualization (MUSIC) (Fletcher
et al., 2001), and the Spatial Decision Support System (DS3) (Balsells et al., 2013). These
models are intended for general application to various locations and at different scales. Due to
the unique nature of Detroit's amount of vacant land this model will be location unique to the city
itself.
Retention Basins
Retention basins are temporary stormwater storage structures that help prevent
downstream flooding. Their main purpose is the attenuation of stormwater during runoff peaks
(USEPA, 1999). There are several variations of Retention basins such as dry ponds, wet ponds,
underground Retention, constructed wetlands, and retention (SEMCOG, 2008).
Retention basins are earthen structures used as a temporary storage for stormwater runoff
to reduce flooding (SEMCOG, 2008). They are built either using a natural feature or excavating
a depression into the ground. The structures enhance water quality and reduce the amount of
surface runoff in an area. They provide reasonable pollutant removal trough settling but are not
as effective at removing soluble pollutants due to the lack of a permanent water pool (WI DNR,
15

2006). Schueler (1997) measured the effective removal rates for basins as 61% for total
suspended solids, 19% for total phosphorus, 31% for total nitrogen, 9% for nitrate nitrogen, and
26% to 54% for metals.
Additional benefits are that they can provide aesthetics as well as wildlife habitat.
Retention ponds can potentially increase stream temperature by about five degrees Fahrenheit
(Galli, 1990). If the pond is properly designed and maintained, then there are no major issues
that support mosquito populations (SEMCOG, 2008). Santana et al. (1994) found that
intermittently flooded systems produced larger mosquito populations than systems with a
continual flow.
The design, location, size, and cost of basins vary based on a multitude of factors, but
there are some major considerations when constructing them. When designing the basin it is
important to look at storage volume, depth, and rainfall event duration (Prince George’s County,
1993). Basins should be designed for one through one hundred year rainfall events and should be
dry 72 hours after a rainfall event. The average depth should be three to ten feet (WI DNR,
2006). These depths are shallow enough to minimize thermal heating and deep enough to prevent
sediments from suspending, algal blooms, and maintain aerobic conditions (SEMCOG, 2008).
Basins should be downgradient of disturbed or developed areas that are near the site. The
location of the basin should maximize as much site runoff as possible and should be especially
focused on removing water from the sites impervious surfaces such as roads, parking lots, and
buildings. Basin construction should avoid steep slopes, and surrounding slopes should not be
altered to reduce steepness. Existing trees should not be removed to construct the basin (USEPA,
1999). They should also not be installed within ten feet of the property line or fifty feet of a
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private well. It is also not necessary to construct the basins in areas that already have high quality
and well-draining soils (SEMCOG, 2008).
Certain vegetation and soil types are best suited for the creation of wet ponds. The soil
types of "C" and "D" are suitable soil types that do not require any modification before
construction. "A" and "B" soil types can be used but require some modification before
construction (SEMCOG, 2008). Group A soils have low runoff potential and high infiltrative
properties. They are made up of well-drained sands or gravels with infiltration rates greater than
0.3 in/hr. Group B soils have fine to course texture moderate infiltration rates of 0.15 to 0.30
in/hr. Group C soils have very fine textures that prohibit the downward flow of water and
infiltration rates of 0.05 to 0.15 in/hr. Group D soils have the highest runoff potential with
mainly clay soils and infiltration rates of 0.0 to 0.05 in/hr (American Planning Association,
2006). It is often best to test the soil permeability before construction to make sure that a
significant amount of infiltration will not cause the pond to dry up. Typically it is best to use
organic soils for shallow areas within the basin. These can serve as a sink for pollutants and have
high water retention properties. They also help in the growth of plants and can hinder the growth
of invasive species. Often a twenty-five-foot buffer is constructed around the basin to provide
habitat value, visual aesthetics, and to regulate water temperature and overall basin health
(SEMCOG, 2008). This buffer should consist of trees, shrubs, and other native ground covers.
Hydrology of the site is another important factor for selecting the correct location of wet
ponds. They must be able to receive and retain enough inflow from rainfall, runoff, and
groundwater to remain effective. These basins should have a drainage area ranging from two to
twenty-five acres or have some other way of sustaining a constant inflow of water improving the
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biological health and the effectiveness of the basin and discourages the growth of mosquitos
(SEMCOG, 2008; Knight et. al., 2002).
There are some general considerations to follow for the construction of dry ponds and
wet ponds. The first step is to install all of the necessary temporary erosion or sedimentation
controls (SEMCOG, 2008). Then separate the pond area from the contributing drainage area by
having all channels or pipes conveying flows to the pond. Water must be routed away from the
site for the duration of construction (SEMCOG, 2008). Next, prepare the site for excavation
and/or embankment construction. It is necessary to keep all existing vegetation where possible
and only remove for construction purposes. During construction, it is important to avoid
compaction of the basin bottom.
If excavation of the site is necessary, then clear the area of all vegetation including tree
roots, rocks, and boulders located in the excavation area. Also, excavate the bottom of the basin
to the desired elevation. Embankments, inlet, and outlet control structures should next be
installed (SEMCOG, 2008). Grading and preparation of the subsoil in the bottom of the basin
should be done in a manner that prevents soil compaction in the basin. It is recommended to use
equipment that will apply pressure of less than or equal to four pounds per square inch
(SEMCOG, 2008). The embankment, inlet, and outlet structures should be compacted and the
bottom of the basin in wet ponds as well. Seeding, planting, and mulch should be applied
regarding the landscaping plan.
A maintenance plan for the basin is needed to ensure the effective life of the basin. It may
also be necessary to make sure that if the basin is on private property, there may be a need for an
easement, deed restriction, or another legal measure to help prevent removal or neglecting of the
basin after construction (SEMCOG, 2008). Most of the maintenance on the basin is in regards to
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continual sediment and debris removal. It should be cleaned at least twice per year; however, it is
recommended to inspect the site regularly, and particular attention during the winter months (WI
DNR, 2006). Safe stormwater Retention and retention facilities that are attractive, interesting,
well maintained, and "inviting," will be regularly used by people of all ages, and this will
promote public safety (Jones et al.).
Costs of constructing retention basin systems can vary depending on the configuration,
location, or other site-specific conditions. The United State Environmental Protection Agency
(1999) estimates that the average wet pond costs $0.50 to $1.00 per cubic foot. This cost includes
permitting, design, construction, and maintenance. These costs are largely dependent on the
amount of earthwork and planting. Additional costs can come from more advanced systems that
have drain and pipe systems inside them. It is typically cheaper to develop these basins on
undeveloped land as opposed to retrofitting them to developed areas.
For basins, the construction costs can be determined by using the formula C = 12.4V0.760
(Brown and Schueler, 1997). Where C is the cost of construction, design, and permits and V is
the volume needed to control a 10-year rainstorm (ft2). Using this equation, the typical cost of a
three acre-foot pond equates to approximately $5,000 to $10,000 in 2016.
Location-Allocation Models
A location-allocation model is a mathematical model that is used to establish spatial
optimization. The model takes into account where something should be located as well as the
area that is serving that something (Murray, 2010). Traditional applications of location-allocation
models are for the optimum placement of facilities (ReVelle & Swain, 1970; Cooper, 1963;
Hakimi, 1964; Church & Murray, 2009). The intended purpose of these models is to locate
multiple numbers of facilities and allocate the demand that is served by these facilities so that the
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access and/or the service are as efficient as possible. Some of the possible facilities could consist
of stores, warehouses, restaurants, hospitals, or schools.
Building upon the theories formulated by Alfred Weber and Isard, Cooper (1963) created
a model that determined how to optimally supply various destinations that have a fixed location.
Hakimi (1964) developed a model that sought to optimally locate a telecommunications
switching center and a police station. In Revelle & Swain (1970) they formulated a model that
optimally located central facilities on a road network. More recently Church & Murray (2009),
explained various applications of location allocation models relevant to a wide variety of
businesses in today’s world.
Location-allocation models represent a planning problem in a mathematical form with
some decision variables associated with various location and allocation choices, the objectives to
be optimized, and the constraining factors that must be satisfied (Murray, 2010). The locationallocation model determines the optimal locations that rely on multiple measurements such as
travel distance, travel time, or other cost functions (Algharib, 2011). The model is in an algebraic
form in a series of linear and nonlinear functions. Some variations of this model include the plant
location problem, the p-median problem, the capacitated plant location problem, the
transportation p-median problem, and many others (Hale & Moberg, 2003).
There are two variations of location-allocation models that deal with the spatial decision
of where the potential facilities can be located. The first assumes that a facility can be located
anywhere in a continuous space (Murray, 2010). The second variation assumes that facilities are
limited in placement and can only be located at discrete locations (Murray, 2010). Meaning,
traveling through a network of nodes and arcs. Some other distinct characteristics of location-
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allocation models include capacitated versus incapacitated facilities, stochastic versus static
demand, and complete versus partial assignment of demand to a facility (Murray, 2010).
Depending upon the problem that the researcher is trying to solve, there are two
approaches to take; the approaches are through an exact or heuristic solution. The exact approach
yields an optimal solution that is guaranteed from the method. Some examples of this solution
include enumeration, linear programming, and integer linear programming (Murray, 2010). This
solution usually requires a significant amount of computational effort and can be limited in the
number of problems it can solve. A heuristic solution ensures that all constraints are satisfied,
but there is no guarantee of its quality. Some examples of this solution include alternating
heuristic, interchange, simulated annealing, tabu search, and genetic algorithms (Murray, 2010).
Location-allocation models have more applications than just facilities location. There are
also studies that have been conducted on solving location-allocation problems relating to land
use (Gilbert et al., 1985; Wright, 1982; Stewart et al., 2004; Zhou et al., 2011; Paul, 2012). More
recently there has been a growing trend of integrating Geographic Information Systems (GIS)
and location-allocation models to solve various real-world problems (Vaskan et al., 2013;
Algharib, 2011).
The services or benefits provided by land can be optimized relating to a number of
various topics. In Wright (1982) a location allocation problem is formulated to guide decision
makers in acquiring a parcel of land given a set of various constraints related to money and time.
Gilbert et al. (1985) developed a model to decide which land is optimal for development
purposes based on cost a proximity to desirable and undesirable amenities. Stewart et al. (2004)
builds upon the Gilbert et al. (1985) model to include multiple land uses for development
purposes. Zhou et al. (2011) created a model to place the optimum location of urban parks based
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on population density, air pollution, urban heat island effect, and urban land use pattern. In Paul
(2012) a location allocation model is formulated for the best places to provide facilities for urban
waste disposal. The site selection was based on multiple criteria relating to environmental safety,
natural characteristics, socioeconomic factors, and land use types.
Mixed Integer Programming (MIP) is one type of location allocation model where the
decision variables are limited integer values. The most common variables used are 0 and 1.
Mixed Integer Programming allows the 0 or 1 to act as a yes or no when assigned to a variable.
Constraints can be applied to the problem in some form of integer value such as 1, 2, 3, 4…
The most common example of this is the Traveling Salesman Problem (TSP), where a
salesman plans to visit a given number of cities and only travel a certain amount of miles
between them (Applegate et al., 2011; Anderson et al., 2015). The problem solves the order of
cities that the salesman should travel to in order to minimize the distance traveled, and only
visiting each city once. The most common way of solving this type of problem is the Branch and
Bound method. This method starts by finding the optimal solution without any constraints. If the
solution is an integer, such as 1, and the constraints are met then it stops. If it doesn’t then it
continues by branching and creating two new problems until the solution is satisfied by the
constraints (Bradley et al., 1977).
Applications of MIP can be applied to deciding the location of a facility or warehouse
(Motozawa, 2009). Suppose that a community is in search of a site to locate a trash dump. The
community has a list of potential sites that the trash dump can be located at. The selection will be
made based on construction costs and the total capacity of trash that the site will be able to hold.
The business finance industry has also created a MIP model to assist in the investment
planning process. The model is known as the Capital Budgeting Problem. The purpose of the
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model is to determine which investment projects should be undertaken based on the amount of
money being invested (Wilczak, 1991). The earliest comprehensive formulation of this problem
was by Weingartner (1963). There has since been a considerable amount of expansion done to
this problem including police department budgeting and expanded problem constraints (Taylor &
Keown, 1981; Benli & Yavuz, 2002).
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CHAPTER IV
METHODS AND MODEL
Methods
Mathematical programming and optimization models seek to help decision makers to
make informed decisions (Bradley, Hax, & Magnanti, 1977). The decision maker through the use
of mathematical methods and computers analyzes problem. The goal is to come up with an
optimal, or as close to optimal solution based on the available data.
This model is an example of an integer-programming model, whereby the variables are
restricted to only integers or whole numbers. On the other hand, a model is said to be linear when
there are non-integers in the model (Eiselt & Sandborn, 2010). Integer programming models are
used in cases where the variables cannot be a fraction (Bradley, Hax, & Magnanti, 1977). In this
case it would not make sense to construct a fraction of a basin, so the basins are represented as
zero or one. The model is said to be a mixed integer-programming model is most of the variable
are integer and some are non-integer (Bradley, Hax, & Magnanti, 1977). This is the case for this
model, the volume is non-integer but the remainders are integer.
The purpose of this paper is to utilize a mixed integer-programming model to determine
the most efficient placement of retention basins on vacant land in Detroit, MI. The goal is to
remove the largest volume of stormwater runoff from entering the storm sewer system. The
model accounts for real world issues that can influence the site selection process for basin
placement. Factors of cost and geographical constraints limit the placement of the basins.
The objective of the model seeks to maximize the volume of water that can be held in the
basin per acre-foot. The decision variables, or the expressed quantities, are each of the 100 total
parcels. Constraints limit the selection of parcels. They include cost, regions, and contingency.
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The cost can be modified to reflect the available budget for the construction of basins. The
regions divide the vacant lots into the approximately equal sections to limit any clustering that
may occur in a given area. The contingency constraint specifies that if there are 2 parcels up
gradient from a storm drain and from one another, and then if the parcel furthest from storm
drain is selected, the parcel closest to the storm drain is selected as well. This ensures that a large
capacity of water is removed before reaching a storm drain.
Data was analyzed and pre-processed using ESRI ArcGIS 10.2. A query was performed
to select only parcels that are owned by the City of Detroit. Any parcels that had incomplete
acreage data were deleted. A drainage area for the selected parcels was determined by using a
topographic contour shapefile and 1983 topographic survey maps from the United States
Geological Survey (USGS).
The high water table limited the depth of each dry retention basin to three feet. Anything
exceeding that depth will have a significantly larger amount of standing water. Although some of
the areas may have a high water table, most of the basins should only store large quantities or
stormwater for 24 to 72 hours. Parcel acreage was multiplied by three and ten to get a depth in
acre-feet, this equates to the total maximum capacity of stormwater runoff that each of the
parcels will be able to hold.
The cost of basin construction was calculated for each vacant parcel. Each retention basin
was assigned a dollar amount based on the parcel acreage. The formula C = 12.4V0.760 from
Brown and Schueler, 1997 was used to calculate the cost. The highest dollar amount of $10,000
was used as a worst-case scenario to accommodate for any different site design considerations
that might arise in the construction process.
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The parcels were broken into three separate regions of approximately equal distribution.
Allowing for an even geographic distribution of parcels across the study area. Without this, there
could potentially be a large section of areas where no parcels are selected. This could lead to
certain areas not removing any amount of stormwater from the storm drains.
Parcel contingency was examined for two parcels that are up gradient from a storm drain.
In order to remove the most amount of water from the storm drain, if the parcel furthest up
gradient is selected, then the parcel directly down gradient must be selected. The parcel layer and
the storm drain layer were examined to find parcels that fit the above criteria.
The model was solved using CPLEX 12.5 Microsoft Excel plug-in. The data was
organized in an Excel spreadsheet. It was arranged in four sections including data, decision
variables, objective function, and constraints. The data section is the numeric data that is used in
the model. The decision variables section represent the unknown variables used to solve the
model when an optimal solution is found. The objective function section contains the formulas
and cells that are used to solve the model. The constraints section contains the constraints that
are placed on the decision variable.
The CPLEX Model Information window is used to specify which cells correlate to each
section of the spreadsheet. The objective function field shows where objective function cell is
located. The objective sense maximization radio button was selected. In the variables section, the
range of cells associating with the decision variables is specified in the window. The constraints
section is where the constraints to the problem are entered. In the Model Parameters tab the box
that reads stop after each integer solution must be checked to ensure that if an optimal solution is
found in the MIP problem than the results will be displayed. Lastly, the run button is selected to
run the model.
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When the model is finished, then a status window will display on the screen. This will
indicate if the solution was solved as optimal. The window also gives the option to review a
more detailed analysis of the solution. The information in this window is limited for MIP’s and is
more insightful for Linear Programs (LP).
The results from the decision variables from CPLEX were imported into ArcGIS to allow
for the viewing of solutions. Maps of the various output scenarios from the model were then
mapped. In total there were four scenarios presented as options.
Model
The model is formulated as a Mixed Integer Program with the following notation:
Maximize
!

𝑉𝑖𝑋𝑖
!!!,!,!…

select basin if 1
Xi =
if not select if 0
Subject to:
Cost
!

𝐶𝑖 𝑋𝑖 ≤ 𝑧
!!!

Region
!

𝐾𝑚𝑖𝑋𝑖 ≥ 𝑤
!!!

Contingency
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Xj –Xh ≤ 0

where:
i = index of retention basin locations
j = index that parcel contingent to parcel h where flow to storm drain must flow from parcel j
through parcel h to get to storm drain
h = index that parcel nearer to the storm drain from neighboring parcel j
m = index of regions
Xi = the indicator that parcel i is selected as a retention basin location (1 is selected, 0 if not
selected)
Vi = volume of water removed by selecting a retention basin location
Ci = cost of construction for a retention basin on location i
Kmi = indicator that a parcel i is a member of a region m
z = maximum combined retention basin budget
w = minimum number of parcels required to be selected from each region K
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CHAPTER V
DATA
The primary data was collected surveying vacant parcels and storm drains in Detroit, MI.
Data was gathered walking through neighborhoods and recording points for vacant lots and
storm drains. Using ESRI ArcGIS 10.2, parcel and neighborhood maps were created, then
converted into PDF format and imported onto an Apple IPad using the desktop application
ITunes. Each point for vacant lots and storm drains was recorded as a separate feature on an
Apple IPad using the application Avenza PDF Maps. In total, there were over 1,000 vacant lots
recorded, and approximately 100 storm drains documented.
Through email, the collected data was exported in a Keyhole Markup Language (KML)
format. The KML file was then converted to a shapefile in ArcGIS. The collected points were
then combined using a spatial join to the City of Detroit Parcel shapefile. Allowing for detailed
information relating to each lot, such as addresses, acreage, and property owners.
Next, secondary data was gathered from the Michigan GIS Open Data Portal for Wayne
County, Michigan. A 30 meter Digital Elevation Model (DEM) and a water table contours map
were downloaded. The DEM was converted to topographic contour lines in ArcGIS using the
Surface Tool in Arc Toolbox. Using the vacant parcels as a base layer, the topographic contour
layer, and the water table contour layer were analyzed to find areas where the water table was at
3 feet to 4 feet below grade.
Next, a 350-acre drainage area was drawn out around the parcels. To calculate runoff of
the 350-acre drainage area, the Rational Method was used. The formula is Q = ciA, where Q is
the peak discharge (acre-foot/year), c is a runoff coefficient, i is rainfall intensity (inch/hour),
and A is the drainage area (Acres). A runoff coefficient of 0.35 was chosen to accommodate the
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amount of built environment and vacant land present. The rainfall intensity was calculated at 1,
2, and 4 inches/hour (Table 1). In all, 100 vacant parcels were randomly selected using the
stratified random sampling tool in Quantum GIS (QGIS) (Figure 2) (Table 2).
Table 1. Drainage Area Runoff
TOTAL RUNOFF
ACRE/FT.
1 IN/DAY
242.975
2 IN/DAY
485.950
4 IN/DAY
971.900

Figure 2. Selected Vacant Lots

30

CHAPTER VI
ANALYSIS
The City of Detroit, a city of 142 square miles situated in southeast Michigan, has
struggled for years to replace portions of its aging sewer system. This model selects the optimal
location for retention basins to help alleviate the financial burden of replacing the existing storm
sewer system. Due to budget constraints, the City is often tasked with focusing storm sewer in
small concentrated areas.
By using this model, optimum locations for retention basins can be selected to protect the
existing system for many years to come by keeping water out and wearing the system down.
There is not one solution that could produce one optimal solution because there are various
factors to account for including financial, social, and environmental that vary over space and
time. The model does produce different scenarios that can be used by the decision maker to
determine the most feasible outcome.
Scenario 1
The first scenario was done with 100 vacant lots (i = 100) and constrained to ten parcels
for region 1, 2, and 3 (w = 10, 10, 10) (Figure 3). The cost was set to a total project construction
cost of $50,000 (z = 50,000). The cost per basin was calculated at $5000 per acre. The volume of
each parcel was set at a three-acre/foot depth. Maximizing the volume removed produced an
objective function of 29.997 acre/foot of stormwater. For region 1, 2, and 3 there was a total of
16, 15, and 16 parcels selected respectively. In total, the cost of construction equaled $49,995.
Parcel forty-eight was not selected as part of the contingency constraint; the other two pairs were
both selected.
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Figure 3. Vacant Lots With 3-foot Depth at $50,000
This run simulates a smaller scale build that could be implemented on a limited budget.
This is a practical approach that could be carried out by community members or smaller
community organizations. The three regions allowed for an even distribution across the subject
area. The amount of water removed was minimal and would only be effective with a rainfall
event of 1/8 inch or less.
Scenario 2
The second scenario was with 100 vacant lots (i = 100) and constrained to twenty parcels
for region 1 and 10 parcels for region 2 and 3 (w = 20, 10, 10) (Figure 4). The project cost was
$50,000 (z = 50,000), and the cost per basin was $5000 per acre. The basin depth was set at three
acre/foot. When maximizing the volume of stormwater to be removed it produced an objective
function of 29.994 acre/foot. In region 1, 2, and 3 there was a total of 20, 11, and 16 parcels that
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were selected respectively. The total cost of the construction of the basins is $49,990. Parcel 48
was not selected in this scenario, but the other two contingent pairs were selected.

Figure 4. Vacant Lots With 3-foot Depth at $50,000 and 20 Lots in Region 1
Similar to the first scenario, this one was a smaller scale construction. The 20-parcel
constraint on region 1 is to capture more water that is up gradient in the drainage area. This
ensures that stormwater closer to the source is captured and doesn’t reach the drainage
confluence or estuary. Like the first scenario, this would only be effective with a 1/8-inch rainfall
or less event.
Scenario 3
The third scenario was run with 100 vacant lots (i = 100) and constrained to ten parcels
for region 1, 2, and 3 (w = 10, 10, 10) (Figure 5). The total project cost was $100,000 (z =
100,000) and the cost per basin was $10,000 per acre. The basin depth was figured at 10 feet. A
total of 99.96 acre/feet of water was captured in the basins. In region 1, 2, and 3 there was a total
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of 16, 15, and 16 parcels from each region selected respectively. The total construction cost was
$99,960. Out of the three contingent pairs, pair one was not selected.

Figure 5. Vacant Lots With 3-foot Depth at $100,000
In this scenario, there was a much greater budget that allowed for the selection of more
parcels. The distribution of the number of parcels selected was approximately even across the
three regions. The amount of stormwater volume captured was effective enough to remove
roughly a ½ inch rainfall event.
Scenario 4
The fourth scenario was run with 100 vacant lots (i = 100) and constrained to ten parcels
for region 1, 2, and 3 (w = 10, 10, 10) (Figure 6). The total project cost was $200,000 (z =
200,000) and the cost per basin was $10,000 per acre. The basin depth was figured at 10 feet. A
total of 199.98 acre/feet of water was captured in the basins. In region 1, 2, and 3 there was a
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total of 25, 23, and 35 parcels from each region selected respectively. The total construction cost
was $199,980. All three of the contingent pairs have been chosen.

Figure 6. Vacant Lots With 10-foot Depth at $200,000
This scenario had the highest budget out of the four scenarios. The distribution of the
number of parcels selected was not even across the three regions. Region 3 had ten more parcels
than region 1 and twelve more parcels than region 2. The volume of stormwater in this run would
remove approximately eighty-three percent of the stormwater from a one-inch rainfall event.
Comparing Scenarios
The results showed that none of the scenarios were that effective at removing large
amounts of stormwater. Scenario one and two show that with a limited budget, it is possible to
construct basins that will provide some benefits of stormwater retention. Scenario two did not
remove more water than scenario one. The benefit of adding more parcels up gradient was not
greater than an even distribution of the parcels across three regions.
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Scenario three removed a significantly greater amount of stormwater compared to
scenario one and two. The number of parcels selected per region was the same for scenario one
and three. The total construction budget plays a significant role in determining the success that
the model has at maximizing stormwater removal. Scenario four produced results that doubled
the stormwater removal rate of scenario three, with double the budget.
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CHAPTER VII
CONCLUSION
This model shows how a mathematical programming model can assist decision makers in
maximizing the amount of stormwater captured in retention basins on vacant land in Detroit, MI.
The model is flexible enough to be applied to various areas throughout the City of Detroit. It can
also be adapted to reflect various budgets depending on available funding for construction costs,
which is important, as the City emerges post-bankruptcy.
There may be instances where the installation of basins has to meet a minimum volume
of stormwater to be removed from the storm drains. This can be important for the City to meet
the requirements of the requirements specified by the USEPA in their National Pollutant
Discharge Elimination Systems permits. A minimum and maximum volume constraint can be
added without having to make an adjustment to the objective function. This will allow for the
selection of basin locations that fit into a certain size requirement.
Volume Threshold
!

𝑣 ≥ 𝑡𝑖
!!!,!,!…
!

𝑣 ≤ 𝑇𝑖
Where:

!!!,!,!…

v = volume of basin to be selected
t = minimum volume of basin allowed to be accepted
T = maximum volume of basin allowed to be selected
I = index of retention basin locations
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Adding in a constraint that takes into account the drainage area surrounding the basin
location that is selected could strengthen the model. To do this, the constraint would take into
account other parcels that are within a specified radius of the selected basin. In practice basins
usually serve two to twenty-five acre areas surrounding them. Any redundancy that is created by
having two parcels within the same drainage area would then be alleviated by only selecting one
of the parcels. By creating a conflict array, then the parcels that intersect one another can be
accounted for by not selecting them.
Drainage Area Constraint
!

𝐴𝑛𝑖𝑋𝑖 ≤ 𝐷
!!!,!,!…

where:
Ani = the conflict array of all basin locations (where Ani = 1 if sites n and i are within 2 acres of
each other and 0 if not)
i = index of retention basin locations
n = transposed index of retention basin locations
D = minimum number of basins within 2 acres
The use of this model is intended to aid in the decision-making process for the creation of
retention basins. There are other considerations that should be taken into account before the
construction of the basins. In the landscape architecture profession the programming and site
selection have existed outside of the design considerations. These two practices are each viewed
with equal importance, but it is important to remember that they may not achieve the same
results when it comes to selecting basin locations.
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Mathematical programming is a tool that aids in the decision making process. It is
impossible to account for all variables represented by the real world when creating the model.
The model is a simplification of the real world, which means that the model is not always the
most robust in terms of the results. However, the simplification allows the model to be more
practical and flexible in terms of its applications.
This model could be used by government entities to design effective basins that reduce to
cost of repair on existing storm sewer systems. Neighborhood groups or individual property
owners that wish to provide ecosystem services to their neighborhood could also use it. On the
neighborhood level, it can be used in the planning process to gain a consensus among
neighborhood residents. The model can help any conflicting interests that various property
owners may have by balancing various locations across the neighborhood.
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